Abstract. 2D-FTIR Spectroscopy was applied to study the slower states of the membrane protein bacterioRhodopsin (bR) photocycle, with the bR adsorbed on a ZnSe ATRcrystal. 2D-FTIR absorbance changes are presented in a more convenient way for analysis than in traditional 2D-FTIR Spectroscopy.
INTRODUCTION
BacterioRhodopsin (bR) is a transmembrane protein complex, acting as a light-driven proton pump. The photocycle is started with an all-trans to 13-cis isomerization of the chromophore retinal after absorption of a photon. The succeeding thermal reactions, through spectroscopically different K, L, M, N, and O states, translocate a proton across the membrane, and the protein returns to the initial bR state. Many techniques have been used to study these structural different states and especially vibration techniques, such as time resolved FT-IR Spectroscopy [1, 2, 3] , have given a lot of information about bR. Poor agreement is found in the risetime of the different states, or absorptions. The M state will be reached after about 300 jas, the N state is maximum filled after probably 4 ms. The O state is reached in the order of ms and the return to the initial bR state is believed to be in about 10 ms. However, poor hydration of bR can alter the photocycle kinetics and proton transfer reactions. Applying ATR Spectroscopy where the samples can be immersed in excess water [2] can circumvent this. The complexity of biological systems as bR is reflected in the very broad amide peaks. 2D-FTIR can give a good separation of highly overlapping absorption bands of different states after an external perturbation. A further advantage is that co-ordinated and independent changes can effectively be emphasised [4] . In the following a preliminary study is described to which extent 2D-FTIR Spectroscopy can provide infor-mation on the light-induced dynamic behaviour of bR.
MATERIALS AND METHODS

FT-IR Set-up
Measurements were performed on a Bio-Rad FTS 60A, using multi channel step scan. A KBr beamsplitter and a MCT-detector were used. Experiments were performed with a 45° ZnSe ATR crystal. The bR (Sigma) is dissolved in buffer solution (lOmM H 2 KPO4/K 2 HPO4, lOmM KC1) at a Img/ml solution. A drop of 100 j^l of this solution is spread over the crystal and left to dry. This creates a very thin film (15jim) of about 5 by 50 mm, which contains 1 mg bR. During measurements the bR layer was in contact with 1M KC1, lOmM H 2 KPO4/K 2 HPO4 solution, which lifts about 40 % of the bR outside the evanescent field. A homemade flow set-up was used to overcome evaporation of the solution. An optical filter (1160-1710 cm" 1 ) was used to prevent detection of the illuminating laser beam on the MCT-detector.
Laser Excitation
A 'COHERENT Innova 70' Argon Krypton laser was used for illumination of the sample. The laser was tuned to 570 nm, giving an output output power of 295 mW. Pulses are created by using a chopper, with an adjustable duty cycle of 0 to 20%. The laserbeam width was increased to 7 by 60 mm through an optical system. With the given laser output power, simulations show that best SNR are expected when the illuminated surface is as large as possible.
2D-FTIR Spectroscopy
For 2D-FTIR experiments, the MCT-detector signal was filtered by some homemade electronics. After the filters these electronics give a grounded signal at each spectrometer step, to cancel out the response of the filters to the interferometer step. In this way it is possible to measure the relative low pulse-response signals (in the order of |nVolts) of bR relatively fast (600 ms) after each interferometer step that generates a detector signal step in the order of Volts. This signal is fed into a Stanford Research Systems SR830 DSP Lock-In Amplifier. The reference frequency supplied by the chopper is used to obtain the in-phase and quadrature signals. The response of bR on illumination is illustrated in Fig. 1 . Two experiments are shown, the first is the IR spectrum of bR adsorbed on an ATR-crystal. The broad amide I (1660 cm" 2D-FTIR measurements show that our laser output power is not very high. Measurements had to be performed with a duty cycle of 20% and at 90 Hz, to cover the whole bR photocycle time-domain with an acceptable SNR. In this way a rather long illumination time is created. Simulations show that under these circumstances the maximum M state population will be reached at the end of the illumination and that the time difference between maximum M and N state population will be decreased.
RESULTS AND DISCUSSION
2D-FTIR results of the 1200 cm" 1 region are presented in Fig. 2 . The upper picture shows the synchronous spectrum. The lower spectrum is the phase spectrum, which gives a better idea of phase difference and coherence between different absorptions than the more common asynchronous spectrum. The synchronous spectrum shows 5 absorption peaks. The peaks at 1165, 1200, 1214 and 1250 cm" 1 are typical C-C stretching peaks of the ground-state retinal. The C-C stretching due to the deprotonation of the Schiff base in the 13-cis state of the retinal causes the peak at 1185 cm" 1 . A phase difference is expected with the other peaks because the crosspeaks of this absorption are small and negative. This phase difference can be found from the phase spectrum and is about 2 radians for all absorptions. No phase difference between the other peaks is observed. The phase difference can be recalculated to a time difference of 2 ms between the M and the N state, but the error margin of 1.5 ms is relatively high. Absolute phase calculations show that the M state reaches its maximum at the end of the illumination.
CONCLUSIONS
The slower states of the bR photocycle were investigated; a time delay between the M and the N state of 2 ms is found. Results are presented in a more useful manner with a synchronous and phase spectrum. Higher laser output power is necessary to measure the earlier bR photocycle states.
